In this paper, the results of an analytical investigation on the behavior of RC columns reinforced with fiber reinforced polymer bars FRP are presented and discussed. Nonlinear finite element analysis on 10column specimens was achieved by using ANSYS software. The nonlinear finite element analysis program ANSYS is utilised owing to its capabilities to predict either the response of reinforced concrete columns in the postelastic range or the ultimate strength of a reinforced concrete columns reinforced by FRP bars. An extensive set of parameters is investigated including different main reinforcement ratios, main reinforcement types (GFRP, Steel), the transverse reinforcement ratios, and the characteristic compressive strength of concrete. A comparison between the experimental results and those predicted by the existing models are presented. Results and conclusions may be useful for designers, have been raised, and represented.
Introduction
Fiber reinforced polymer (FRP) is increasingly used for reinforcing new structures, and strengthening existing structures. FRP composites, in the form of sheets, cables, rods, and plates, have proven to be a costeffective alternative to steel reinforcements because of their low weight to strength ratio, corrosion resistance, and flexibility. The most common types of FRP are aramid, glass, and carbon; AFRP, GFRP, and CFRP respectively.
Unfortunately, there was a lack of data about using FRP as reinforcement; the lack of a comprehensive database on FRP materials makes it difficult for the practicing civil engineer and designer to use FRP composites on a routine basis, although a number of reviews have been published recently related to durability and test methods.
The focus of each has been to summarize the state of knowledge in general without emphasizing or attempting to prioritize critical areas in which needs are the greatest for collection, assimilation, and dissemination of data ( Karbhari1, 2003) . There are many bridge structures all over the world as applications of structures with FRP reinforcement for example:
· In China; there are now eight GFRP bridges in China. These bridges were generally constructed by hand layup of glass fibers in a polyester resin using a honeycomb form of deck structure, as the Miyun Bridge, the Xianyyong bridge, and Hulan River Bridge. · In Germany; the Lünensche Gasse pedestrian bridge, the Ulenbergstrasse Bridge, and the Schiessbergstrasse Bridge. 
Numerical Finite Elements

Basic Fundamentals of the FE Method.
The basic governing equations for two dimensions elastic -plastic FEM have been well documented (Zienkiewics 1967) , and are briefly reviewed here.
I. Strain displacement of an element
Where: [B] is the strain displacement transformation matrix. The matrix [B] is a function of both the location and geometry of the suggested element, it represents shape factor. The matrix [B] for a triangle element having nodal points 1, 2 and 3 is given by 1  1  2  1  3  3  1  3  2  2  3   1  2  3  1  2  3   2  1  1  3 
The element volume is V and for a twodimensional body equals the area of the element, D , multiplied by its thickness, t.
IV. The overall stiffness matrix [K]
The stiffness matrixes [K e ] of the elements are assembled to form the matrix [K] of the whole domain. The overall stiffness matrix relates the nodal load increment [dP] to the nodal displacement increment [du] and can be written as
This stiffness relation forms a set of simultaneous algebraic equations in terms of the nodal displacement, nodal forces, and the stiffness of the whole domain. After imposing appropriate boundary conditions, the nodal displacements are estimated, and consequently the stress strain field for each element can be calculated. 
Geometry
The details of tested columns were shown in Fig.1 . Analyses were carried out on 10columns specimens, where all columns had square crosssection with a 250mm side and length of 1250mm. Analyzed columns had main reinforcement with GFRP bars 4#12mm, 6#12mm, and 8#12mm, 4#16mm, and 4#18mm, and with steel bars 4#12mm.
The transverse reinforcement was ф6 mm closed stirrups spread in 120mm, and 60mm, and characteristic strength of concrete columns 25, 30, and 35 N/mm 2 . The analyzed columns were divided into four different groups as shown in Table 1 .
In this study, perfect bond between concrete and the reinforced bars was assumed. To provide the perfect bond, the link element for the reinforcing bars was connected between nodes of each adjacent concrete solid element, so the two materials shared the same nodes. Cross Section (C3)
Element types
Extensive inelastic finite element analyses using the ANSYS program are carried out to study the behavior of the tested columns. Two types of elements are employed to model the columns. An eightnode solid element, solid65, was used to model the concrete. The solid element has eight nodes with three degrees of freedom at each node, translation in the nodal x, y, and z directions. The used element is capable of plastic deformation, cracking in three orthogonal directions, and crushing. A link8 element was used to model the reinforcement 
Material properties
Normal weight concrete was used in the fabricated tested columns. The stressstrain curve is linearly elastic up to about 30% of the maximum compressive strength. Above this point, the stress increases gradually up to the maximum compressive strength, f cu , after that the curve descends into softening region, and eventually crushing failure occurs at an ultimate strain. The input data for the concrete, GFRP, and steel (high grade and mild steel) properties are shown in Table 2 
Loading and nonlinear solution
The analytical investigation carried out here is conducted on 10RC columns; all columns are raised in vertical position with by vertical load on top surface. At a plane of support location, the degrees of freedom for all the nodes of the solid65 elements were held at zero. In nonlinear analysis, the load applied to a finite element model is divided into a series of load increments called load step. At the completion of each load increment, the stiffness matrix of the model is adjusted to reflect the nonlinear changes in the structural stiffness before proceeding to the next load increment. The ANSYS program uses NewtonRaphson equilibrium iterations for updating the model stiffness. For the nonlinear analysis, automatic stepping in ANSYS program predicts and controls load step size. The maximum and minimum load step sizes are required for the automatic time stepping.
The simplified stressstrain curve for column model is constructed from six points connected by straight lines. The curve starts at zero stress and strain. 
Inelastic Analysis Results and Discussion
The parametric studies included in this investigation are the main reinforcement ratios and types, the transverse reinforcement ratios, and the characteristic strength of concrete, respectively. Table 3 shows the analytically results of the ultimate loads, deformations and compressive stress of concrete, respectively. 
Experimental validation
The validity of the proposed analytical model is checked through extensive comparisons between analytical and experimental results of RC columns under compression load. 
The main reinforcement ratios
Fig . 5 shows the theoretical loaddeformation of columns C1, C2, C9, C3 and C10 which reinforced by GFRP reinforcement 4#12mm, 6#12mm, 4#16mm, 8#12mm and 4#18mm (0.723, 1.08, 1,286, 1.45 and 1.628 %) respectively; increasing GFRP reinforcement ratio leads to increase the toughness and ductility of tested columns.
From Table 3 , it can be seen that, ultimate loads, and ultimate strain C2, C9, C3 and C10 to C1 are (114,117,118&122%), and (109,115,115&119%) respectively.
The increasing of main reinforcement ratios with GFRP bars increase the ductility of cross section, so it has a significant effect on ultimate strain, and ultimate loads that the columns resist. Fig. 6 shows the effect of the main reinforcement ratios on the ultimate load that the columns resists, where the increasing of main reinforcement ratios from 0.723 to 1.2% has a significant effect on ultimate loads more than ratio from 1.2 to 1.62%. Fig. 7 shows the loaddeformation of columns C1 and C4 which reinforced by GFRP and steel reinforcement with 4#12mm (0.723%); tested column with steel reinforcement has ductility more than column with GFRP reinforcement.
The main reinforcement types
From Table 3 , it can be seen that, ultimate load, and ultimate strain of C4 to C1 is 122.7 and 122.2 % respectively.
Using steel as main reinforcement has a significant effect on the ultimate strain, and ultimate loads that the columns resist. 
The transverse reinforcement ratios
Fig . 8 shows the loaddeformation of columns C1, C7 and C8; increasing of transverse reinforcement ratio leads to increase the toughness and ductility of tested columns.
From Table 3 , it can be seen that, ultimate loads, and ultimate strain of C7 and C8 to C1 are (110 &120 %) and (113&118 %) respectively. Fig. 9 shows the effect of the transverse reinforcement ratios in the column ends on the ultimate load that the columns resists, where the increasing of transverse reinforcement ratios has a significant effect on ultimate loads. The increasing of transverse reinforcement ratios confines the columns so it is lead to increase the ultimate loads and increasing ultimate strain.
As the increasing of transverse reinforcement ratio leads to increase the toughness and ductility of tested columns with GFRP, so it will be compared with tested column with steel reinforcement and normal stirrups distribution. It can be seen that, ultimate loads, and ultimate strain of C4, C7 and C8 to C1 are (122, 110 &120 %), and (122, 113&118 %) respectively Fig. 10 shows the loaddeformation of columns C1, C7, C8 and C4, the increasing of stirrups with columns reinforced by GFRP increase the toughness and ductility of columns more than using steel bars with normal stirrups distribution, the behavior of column with steel bars C4 generate between the behaviors of C7 and C8. 
The characteristic compressive strength of concrete
From Table 3 , it can be seen that, ultimate loads, and ultimate strain of C5 and C6 to C1 with (25, 30 &35N/mm 2 ) are (119 &150 %) and (108&128%) respectively. Fig. 11 shows the loaddeformation of columns C1, C5 and C6; increasing of characteristic strength of concrete has significant effect on the behavior of tested columns where increase toughness and ductility of tested columns. Fig. 12 shows the effect of the characteristic strength of concrete on the ultimate load that the columns resists, where the increasing of characteristic strength of concrete has a significant effect on ultimate loads. 
Predicted formula
Unfortunately, there was a lack of data about using FRP as reinforcement; the lack of a comprehensive database on FRP materials makes it difficult for the practicing civil engineer and designer to use FRP composites on a routine basis. Although a number of reviews have been published recently related to durability and test methods.
The focus of each has been to summarize the state of knowledge in general without emphasizing or attempting to prioritize critical areas in which needs are the greatest for collection, assimilation, and dissemination of data (Karbhari et al. 2003 ).
Different formulas were used to predict a general formula to calculate the maximum applied load for tested columns reinforced by GFRP as main reinforcement; table (4) shows applied Load (KN), by using formulas Fig. 13 shows the relation between applied load and reinforcement ratio by previous methods, and explains also the predicted formula to calculate the maximum applied load for tested columns reinforced by GFRP as main reinforcement. By using the previous formula to draw the relation between the reinforcement ratio and the maximum normal forces of the mentioned sections in the following table, which are used, and comparing those results with the experimental applied forces. Hence a new general formula was predicted from the experimental data, which was the average of data, as following: 
Summary and Conclusions
The inelastic behavior of 10 columns are investigated in the current study under the effect of increasing loading employing the inelastic FE analysis program ANSYS. Several parameters are investigated including the main reinforcement ratios, the main reinforcement types, the transverse reinforcement ratios, and the characteristic strength of concrete. The study focuses on the consequences of the investigated parameters on the deformation and ultimate resisting load. The conclusions made from this investigation are:
· The theoretical results from Finite Element Analysis showed in general a good agreement with the experimental values · Increasing GFRP reinforcement ratio leads to increase the toughness and ductility of tested columns.
· Increasing GFRP reinforcement ratio has a significant effect on ultimate loads.
· Increasing GFRP reinforcement ratio from 0.723 to 1.2% has a significant effect on ultimate loads more than ratio from 1.2 to 1.628%
· Tested column with steel reinforcement has ductility more than column with GFRP reinforcement.
· Increasing of transverse reinforcement ratios in columns reinforced by GFRP bars increase the toughness and ductility of columns more than using steel bars with normal stirrups distribution.
· Increasing of characteristic strength of concrete has significant effect on the behavior of tested columns reinforced by GFRP bars where it increases toughness and ductility of tested columns.
· A new general formula was predicted from the experimental data, which was the average of data, as following 
